The synthesis and molecular structures of two iron (III) (2) Å, β=108.43(1)° and Z=4. On the basis of 5012 unique observed reflections with I 3.0σ(I) the structure was refined to R=0.049. Complexes 1 and 2 both show quasi-reversible Fe(II)/Fe(III) redox couples at E 1/2 = -0.37 and -0.25 V, respectively.
Introduction
Iron-phenolate (mostly tyrosinate) interactions play an important role in nature. The iron-phenolate structural feature is found in a number of metalloproteins, e.g. lactoferrin [1] , the transferrins [2, 3] , the catechol dioxygenases [4] [5] [6] and the purple acid phosphatases [7] . Mimicking of these iron-tyrosinate proteins through the synthesis of small molecule active site analogues has proven to be very useful in providing insights into the modes of action of these enzymes. In particular, spectroscopic techniques like UV-Vis spectroscopy, resonance Raman spectroscopy, 1 H NMR spectroscopy as well as magnetic and electrochemical measurements have contributed to elucidate structural details of the iron-tyrosinate proteins. Recently, we have initiated efforts to mimic iron-tyrosinate moieties in proteins in a functional [8] as well as in a structural way. In this study we present the crystal and molecular structures of two new iron(III) phenolate model complexes 1 and ----* Author to whom correspondence should be addressed.
2 together with UV-Vis spectral data and electrochemical data of these complexes.
Experimental

Materials and instruments
Iron(III) chloride hexahydrate, purchased from Merck, and iron(III) nitrate nonahydrate, purchased from Baker, were used as received. Methanol was distilled from magnesium and stored over 3 Å sieves. 2,3-Dimethyl-2,3-bis(3-tert-butylsalicylideneamino)butane (L 1 H 2 ) [9] and 2-(2-pyridyl)-1-salicylideneaminoethane (L 2 H) [10] were prepared according to literature procedures.
IR spectra were obtained on a Galaxy 4020 FT-IR spectrophotometer or on a Perkin-Elmer 841 IR spectrophotometer. UV-Vis spectra were obtained on a Perkin-Elmer Lambda 5 UV-Vis spectrophotometer. Elemental analyses were performed in the Microanalytical Department of this laboratory. Mass spectra (HRMS) were obtained on an AEI-MS-902 mass spectrometer. Electrochemical measurements were made using an EG&G Par C model 303 potentiostat with an EG&G Par 384B polarographic analyzer. A threeelectrode system consisting of a glassy carbon working electrode, a platinum wire auxiliary electrode and a saturated calomel reference electrode was used. The measurements were carried out in methanol for complex 1 and in methanol/acetonitrile (1/1) for complex 2 using 0.1 M tetrabutylammonium perchlorate (TBAP) as the supporting electrolyte. The scan rate for the cyclic voltammograms was 100 mV/s. Table 1 . Three standard reflections were measured every 3 h of X-ray exposure time as check reflections for crystal deterioration and/or misalignment; no significant deterioration in intensity was observed. Intensities were corrected accordingly, for Lorentz effects and for polarization effects, but not for absorption effects. The unit cell was identified as orthorhombic space group P2 1 2 1 2 1 for complex 1; for complex 2 the unit cell was identified as monoclinic, space group P2 1 /c. The space group of the complexes was derived from the observed systematic extinctions. This choice was confirmed by the solution and the successful refinement. From a total of 3676 reflections in the range 1.08 θ 27.5°, 2730 (I 2.5σ(I)) were used in the refinements for complex 1. For complex 2, 5012 reflections (I 3.0σ(I)) from a total of 7176 reflections in the range 1 θ 25° were used in the refinements.
Structure solution and refinement
The structure of complex 1 was solved by Patterson methods and subsequent partial structure expansion (SHELX86 [12] ). The positional and anisotropic thermal displacement parameters for the non-hydrogen atoms were refined with block-diagonal least-squares procedures (CRYLSQ [13] ) minimizing the function
. A subsequent difference Fourier synthesis resulted in the location of all the hydrogen atoms, the positions of which were included in the refinement and all hydrogen atoms subsequently refined satisfactorily. Weights were introduced in the final refinement cycles. Refinement on F o by full-matrix leastsquares techniques with anisotropic thermal displacement parameters for the non-hydrogen atoms and one common isotropic thermal displacement parameter for the hydrogen atoms converged at R F =0.039 (R w =0.039). A final difference Fourier map did not show residual peaks outside the range ±0.56 e/Å 3 . The alternative absolute structure was rejected, based on the resulting higher R values (R F =0.050; R w =0.052) obtained by refinement with negative anomalous-dispersion factors (-i∆f"). Fractional atomic coordinates and equivalent isotropic thermal displacement parameters of the nonhydrogen atoms are presented in Table 2 . Scattering factors [14] were corrected for anomalous dispersion [15] . All calculations were carried out on the CDCCyber 962-31 computer of the University of Groningen with the program packages XTAL [16] , PLATON [17] (calculation of geometric data) and an extended version of the program PLUTO [18] (preparation of illustrations).
The structure of complex 2 was solved by direct methods [19] . The remaining H atoms could be revealed from a single Fourier difference synthesis based on all the non-H atoms. Full-matrix least-squares of F, with Table  3 . Scattering factors were taken from Cromer and Waber [20] . Anomalous dispersion effects were included in F c : the values were those of Cromer [21] . All computations were performed on a VAX-730.
Results and discussion
Synthesis
Heating of 2,3-dimethyl-2,3-bis(3-tert-butylsalicylideneamino)butane (L 1 H 2 ) with FeCl 3 ·6H 2 O in methanol afforded complex 1 (eqn. (1)).
MeOH, reflux, 1 h 1 Complex 2 was prepared from the sodium salt of 2-(2-pyridyl)-1-salicylideneaminoethane (L 2 ) with Fe(NO 3 ) 3 ·9H 2 O followed by anion exchange with NaBPh 4 (eqn. (2)).
(ii) NaBPh4
(1) X-ray analysis revealed the molecular structure of 1 shown in Fig. 1 . The relevant bond lengths and angles are depicted in Table 4 . The iron nucleus of 1 is coordinated to two phenolate oxygens (O(1) and O(2)) and to two imine nitrogens (N(1) and N(2)) as well as to a chlorine atom (Cl1). These five atoms of the inner coordination sphere form an essentially square pyramidal environment for the iron nucleus. The distances between the iron nucleus and the five donoratoms closely resemble those of the unsubstituted (7) 0.09434 (6) (9)) is considerably larger than the corresponding Cl-Fe-N angle of salenFeCl (97.0(3)); this larger angle is probably imposed by the presence of bulky substituents, i.e. the four methyl groups at the ethylene bridge and the tert-butyl groups at the aromatic rings in 1.
Molecular structure of [(L 2 ) 2 Fe][BPh 4 ] (2)
X-ray analysis revealed the molecular structure of 2 shown in Fig. 2 . The relevant bond lengths and angles are depicted in Table 5 . The iron nucleus in complex 2 has a pseudo-octahedral coordination with an N 4 O 2 (2) 1.54(7) C (9) 0.7683(2) 0.0734(2) 0.7236 (2) 1.48 (7) 
UV-Vis absorption spectra
The most important features of the UV-Vis spectra of complexes 1 and 2 are the low energy bands at 493 nm (ε=5020 l mol -1 cm -1 ) for 1 and 576 nm (ε=4460 l mol -1 cm -1 ) for 2. These bands are relatively intense and can be assigned to charge transfer transitions from the p π orbitals of the phenolic oxygens to the d π * orbitals of the Fe(III) ions [1, 2, 28] . The low energy band of 1 is shifted towards longer wavelength (λ max =493 nm) compared to Fe(salen)Cl (λ max =463 nm) [22] ; this shift to lower energy is probably a result of the difference in the average oxygen-iron distance between the two complexes (see molecular structure of 1).
For complex 2 the absorption maximum (λ max =576 nm) in the visible region lies considerably lower in energy than in the majority of structurally analogous cationic iron(III) complexes with an O 2 N 4 ligand donor set; the absorption maxima of reported structurally related iron(III) complexes usually lie in the range 430-540 nm [1, 3, 29, 30] .
Cyclic voltammetry
Complex 1 shows a quasi-reversible redox couple at E 1/2 = -0.37 V (versus SCE) in methanol (see Fig. 3 ). This redox couple is assigned to the Fe(II)/Fe(III) process in analogy with structurally closely related iron(III) salen type ligands [3] . For complex 2 the Fe(II)/Fe(III) redox couple is observed at less negative potential: E 1/2 = -0.25 V (versus SCE) in methanol/ acetonitrile (1/1) (see Fig. 4 ).
Discussion
The electrochemical data and the data obtained from the UV-Vis absorption spectra are consistent with observations made by Que and co-workers [3] . It was reported that a relationship exists in the 1 H NMR spectra between the absorption maxima of the phenolate-to-iron charge-transfer transitions and the NMR contact shifts of the salen phenylic hydrogens. This has been explained by delocalization of unpaired spin density onto the ligand. A clear correlation between the electrochemical potentials of the Fe(III)/Fe(II) redox couple and the same 1 H NMR data is also present. Therefore, the electrochemical potentials and absorption maxima are interrelated as well. A plot of the redox potentials versus the UV-Vis absorption maxima, including data of other, related, compounds is shown in Fig. 5 .
As is clear from the relationship shown, the absorption maxima of compounds 1 and 2 correlate well with those of the systems reported previously [3] . This correlation has been explained by assuming that the d π * orbitals of the iron(III) center determine the redox potential as the phenolate-to-iron charge transfer transition is mainly determined by the position of the d π * orbital (assuming relatively insensitive phenolate p π orbitals).
Interestingly, the molecular structure of 1 has revealed that the Fe-O and Fe-N distances are significantly longer than those observed for the unsubstituted salen analogue. The steric effects of the bulky tert-butyl groups and the extra methyl groups on the salen ligand cause this elongation of the metal-ligand bond lengths. This elongation of the metal-ligand bond lengths is reflected in the electronic and electrochemical properties; the weaker ligand-field strength causes a less negative reduction potential and concomitantly a lower energy p π d π * transition. In conclusion, we have reported the synthesis, crystal and molecular structure as well as UV-Vis spectral data and electrochemical data of two new salen based iron(III) complexes. In our view, these data which combine a detailed structural analysis of 1 and 2 with their UV-Vis spectroscopic properties and electrochemical behavior, should contribute to a better understanding of iron-tyrosinate proteins.
